Phosphorus is an essential nutrient for laying hens that is involved in numerous body functions, including skeletal formation and maintenance, energy storage, cellular structure, and egg formation. In cereals and oilseeds commonly fed in layer rations, P is primarily stored as phytate P and is poorly utilized by poultry because of the lack of phytase present in the gut [1] . Much research has been conducted concerning the phytate compound and approaches to meet the birds' requirement for nonphytate P (NPP) more effectively. Phytase enzymes are commonly added to laying hen diets to reduce feed costs and to reduce P excretion for environmental benefits.
INTRODUCTION
Phosphorus is an essential nutrient for laying hens that is involved in numerous body functions, including skeletal formation and maintenance, energy storage, cellular structure, and egg formation. In cereals and oilseeds commonly fed in layer rations, P is primarily stored as phytate P and is poorly utilized by poultry because of the lack of phytase present in the gut [1] . Much research has been conducted concerning the phytate compound and approaches to meet the birds' requirement for nonphytate P (NPP) more effectively. Phytase enzymes are commonly added to laying hen diets to reduce feed costs and to reduce P excretion for environmental benefits.
The recommendation for laying hen diets is 0.25% available P (AP) or 250 mg/hen per day [2] , but levels much higher than this amount are commonly fed in the industry. The aP or nPP requirement found in the literature varies from 0.13 to 0.30% [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .
several researchers have demonstrated that phytase supplementation of 100 to 2,000 phytase units (FTU)/kg to diets containing approximately 0.10% dietary nPP has positive effects on egg production, egg mass, egg specific gravity, bone ash, and eggshell quality by improving the utilization of P [4, 5, [17] [18] [19] [20] . recent work with Escherichia coli-derived phytases has shown that these phytase enzymes release approximately 0.20% nPP at 1,000 FTU/kg [21] [22] [23] . Furthermore, P levels in the excreta have been shown to decrease with the supplementation of phytase in layer rations [24, 25] .
an E. coli-derived phytase [26] has been shown to be efficacious in a shorter term layer experiment [27] but has not been evaluated in a long-term experiment. The objective of this research was to determine the efficacy of greatly different levels of phytase enzyme on long-term hen performance when added to a layer diet deficient in nPP. It was also of interest to evaluate the phytase enzyme supplemented at an excessively high level to determine any additional benefits, as well as possible safety concerns or tolerance.
MATERIALS AND METHODS
all animal procedures were approved by the University of Illinois Institutional animal Care and Use Committee. Three hundred thirty-six Hy-Line W-36 White Leghorn laying hens were randomly assigned to 1 of 6 dietary treatments from 32 to 62 wk of age. Before this experiment, the hens had been fed a diet (16% CP, 3.8% Ca, and 0.40% nPP) that met or exceeded all nutrient requirements from 18 to 32 wk of age [2] . The hens were housed in a completely enclosed, ventilated caged-layer building in which the daily photoperiod was 17L:7d. The experiment was initiated in december 2007 and completed in July 2008. Hens were assigned to dietary treatments such that mean starting BW were similar for all treatments. each experimental diet was fed to 4 replicate groups of 14 hens. a replicate consisted of 2 adjacent cages of 7 hens/cage, and each cage measured approximately 58 × 61 cm. Hens were provided ad libitum access to feed and water. The composition of the basal cornsoybean meal diet deficient in P is provided in Table 1 and was calculated to contain 0.105% nPP. Calculations of dietary nPP content were made using table values [2] . The first treatment consisted of a negative control diet containing 0.105% nPP. Treatments 2 to 4 consisted of the supplemental phytase optiphos [26] at 150, 250, or 15,000 FTU/kg added to the negative control diet (diet 1). diets for treatments 5 and 6 contained 0.20 and 0.45% nPP, respectively. The phytase level of 250 FTU/kg in diet 3 is the lower level of supplementation normally recommended in layer rations. diet 4 contained 15,000 FTU/kg of the phytase enzyme to determine if there was an additional benefit to performance in feeding a high level of phytase, as well as to evaluate safety or tolerance. The 0.20% nPP level in diet 5 was shown to be adequate in previous studies [4, 5] , and the 0.45% nPP level in diet 6 is a level commonly fed in the industry. Body weights of the hens were measured at the beginning, middle, and end of the experiment. egg production performance and mortality were recorded daily. egg weight, egg mass (g of egg/ hen per day), feed consumption, and Fe (g of egg/g of feed) were measured every other week. egg specific gravity was measured every 4 wk. egg weights and egg specific gravity were determined for all eggs produced on 2 consecutive days during the week. near the beginning (wk 39) and end (wk 53) of the experiment, 8 hens on each dietary treatment were randomly selected and moved to another building and housed in cages measuring approximately 30 × 51 cm, with 1 hen/cage. This allowed for collection of excreta to measure P excretion. The excreta were collected each day for 3 consecutive days for each hen by placing a tray under each cage. after the excreta were collected, the hens were returned to their original cages in the caged-layer building. at the end of the experiment (wk 62), 8 hens from each dietary treatment were randomly selected and euthanized with Co 2 gas. The right leg was then removed from each hen, autoclaved, and cleaned of adhering tissue, and the tibia bone was ashed in a muffle furnace at 600°C for 24 h to determine tibia ash. all data were analyzed by anoVa procedures appropriate for a one-way completely randomized design using the GLM procedure of sas [28] , and differences among individual treatments were determined using the Lsd test [29] .
RESULTS
Weekly hen-day egg production for the first 7 wk of the experiment is shown in Figure 1 . a significant depression (P < 0.05) in egg production was first observed at 36 wk of age for hens fed the negative control diet containing 0.105% nPP when compared with all other treatments, and the egg production continued to decrease until the treatment was terminated at 39 wk of age, as required by the animal use protocol, because of a severe depression in egg production. Hen-day egg production for several age periods of the trial from 32 to 62 wk of age is summarized in Table 2 . In addition, hens fed the negative control treatment had significantly reduced BW at 39 wk of age. Because the negative control dietary treatment was terminated early, it is not included in Table 3 . egg production performance among the 5 treatments was not significantly different except for the last period at 61 to 62 wk of age, for which treatment 2 (negative control diet with 150 FTU/kg of the phytase enzyme) was significantly lower when compared with treatment 3 (negative control with 250 FTU/kg of the phytase enzyme).
Production performance, tibia ash, and excreta P for treatments excluding the negative control (treatment 1) for the entire 32 to 62 wk period are summarized in Table 3 . Calculated nPP intakes for treatments 2, 3, 4, 5, and 6 were 104, 105, 105, 200, and 458 g/d, respectively. no differences were observed among treatments for BW, egg production, egg weight, egg mass, egg specific gravity, feed intake, or Fe when evaluated over the entire duration of the experiment.
Tibia ash at the end of the trial (62 wk of age) was not significantly different among the 5 treatments. excreta P was much higher (P < 0.05) for hens fed the 0.45% nPP diet compared with all other diets.
DISCUSSION
In this study, we demonstrated that the production performance of the laying hens fed diets containing 0.20% nPP or 0.105% nPP supplemented with 150, 250, or 15,000 FTU/kg of phytase enzyme was not significantly different from that of hens fed a diet containing 0.45% nPP. Thus, these diets provided sufficient P intake to support optimal hen performance and meet the requirements of the hens under the conditions of the study. several researchers have reported low nPP requirements for adequate hen performance. For example, Punna and roland [9] found no differences in any production parameters when nPP was reduced from 0.40 to 0.20%; however, hens showed reduced feed intake, egg production, bone mineral density, and increased mortality when fed a 0.10% nPP diet. Boling et al. [4] reported that 0.15% nPP was marginally adequate for hens from 20 to 70 wk of age. Van der Klis et al. [15] found no significant differences in performance among hens fed 0.15, 0.18, or 0.21% nPP from 20 to 68 wk. Hen-day egg production from hens fed different nonphytate P (NPP) and phytase levels from 33 to 39 wk of age. Feeding of the 0.105% NPP diet with no phytase was terminated at 39 wk because of low egg production. Color version available in the online PDF. Means within a column with no common superscript are significantly different (P < 0.05). , and we conclude that this level of nPP should be adequate. We also conclude that supplementation with as little as 150 FTU/kg of the phytase enzyme to low-nPP diets (0.105% nPP) is sufficient in terms of hen performance. The supplementation of a 0.105% nPP diet with as little as 150 FTU/ kg of phytase in first-cycle layer diets has been evaluated in only 2 other studies. Francesch et al. [20] reported that hens from 22 to 46 wk of age fed diets low in nPP (0.11 or 0.13% nPP) supplemented with phytase at levels of 150, 300, and 450 FTU/kg performed as well as hens fed the positive control diet containing 0.32% nPP. More recently, it was reported that supplementation of an E. coli-derived phytase to a P-deficient diet (approximately 0.10% nPP) at levels of 150, 300, or 10,000 FTU/kg for 12 wk fed to second-cycle laying hens resulted in no differences in hen performance when compared with the performance of hens fed a diet containing approximately 0.20% nPP [27] . In the current study, hens fed as little as 150 FTU/kg of the phytase enzyme had optimal egg production performance for as long as 30 wk. We wanted to evaluate feeding older hens such a low level of phytase enzyme in a longer term experiment because it may take many weeks of feeding a Pdeficient diet before P deficiency effects occur and older hens exhibit P deficiency symptoms sooner than younger hens [4] . other researchers have evaluated phytase levels greater than 150 FTU/kg. Hughes et al. [31] reported that supplementation of phytase at 200 FTU/kg corrected the significant reductions in hen performance that were caused by feeding a diet deficient in nPP (0.15%). Punna and roland [9] found that adding 300 FTU/kg of microbial phytase to first-cycle layer diets containing 0.10% nPP corrected all deficiency symptoms in hens. Boling et al. [4] reported that corn-soybean meal diets containing 0.10% nPP plus 300 units of phytase/kg (108 mg of aP/d) supported optimal egg production from 20 to 70 wk of age. In addition, Wu et al. [19] found that the addition of phytase at 300 FTU/kg significantly increased the egg production and egg mass of hens fed a P-deficient diet (0.11% nPP) to levels that were similar to those of hens fed a positive control diet containing 0.38% nPP. excreta P was significantly reduced when hens were fed 0.20% nPP or 0.105% nPP with supplemental phytase enzyme at 150, 250, or Means within a row with no common superscript are significantly different (P < 0.05).
15,000 FTU/kg in the diet compared with hens fed a diet containing 0.45% nPP. The reductions in excreta P for the latter treatments (treatments 2, 3, 4, and 5) compared with the positive control diet (0.45% nPP) were 49, 50, 50, and 39%, respectively. These results are in agreement with those of several other researchers who measured P excretion in laying hens. For example, Wu et al. [19] found a 54 or 58% reduction in excreta P content when dietary nPP concentrations were reduced from 0.38 to 0.11% nPP and supplemented with 2 different phytases, respectively. In another study, excreta P concentrations were reduced by approximately 50% in birds consuming 0.10% nPP + 300 FTU/kg of phytase compared with those consuming 0.45% aP [4] . In an additional study, snow et al. [30] found that excreta P was reduced from 1.7 to 1.2% (30% reduction) by feeding nPP levels of 0.16 to 0.20% nPP compared with 0.45% nPP. no differences in tibia ash were found among any of the treatments at the termination of this experiment. These results were generally observed in several other studies [6, 7, 12, 14, 15, 32] . In contrast, Hughes et al. [31] reported that phytase supplementation (200 or 400 FTU/kg) to a diet containing 0.15% nPP significantly improved bone ash up to levels observed for a diet containing 0.35% nPP at 61 wk of age. Therefore, the use of phytase enzymes to reduce total dietary P levels in layer diets does not compromise bone integrity.
To our knowledge, no one has reported testing phytase enzyme or any other phytase over an extended time at a level as high as 15,000 FTU/kg in laying hen diets. augspurger et al.
[27] demonstrated that 10,000 FTU/kg of phytase added to second-cycle layer diets was efficacious and showed no negative effects on hen performance in a 12-wk experiment. In broiler chicks, it was shown that phytase supplementation at levels up to 292 times the commercial phytase dose (500 FTU/kg) resulted in increases in BW and FCr and appeared to have no deleterious effects on performance [33] . The 15,000 FTU/kg of diet evaluated herein resulted in no harmful effects on hen performance or bone ash. Thus, a phytase level that is 100-fold higher than 150 FTU/kg, which was shown to be adequate or sufficient, is safe for laying hens even when fed for a period of 30 wk.
CONCLUSIONS AND APPLICATIONS
1. Feeding a diet containing 0.105% calculated nPP and supplemented with as little as 150 FTU/kg of the phytase enzyme was as efficacious as feeding a diet containing 0.45% calculated nPP for long-term (32 to 62 wk) laying hen performance. 2. Feeding a very high (excess) level of 15,000 FTU/kg of phytase enzyme from 32 to 62 wk of age was well tolerated and posed no safety concerns for laying hens.
